
RESEARCH ARTICLE

Influence of andrographolide on the pharmacokinetics of warfarin in rats
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ABSTRACT
Context: Andrographolide and warfarin are often used together in clinics in China. However, the herb-
drug interaction between andrographolide and warfarin is still unknown.
Objective: This study investigates the herb-drug interaction between andrographolide and warfarin in
vivo and in vitro.
Materials and methods: A sensitive and reliable LC-MS/MS method was developed for the determination
of warfarin in male Sprague-Dawley rats plasma, and then the pharmacokinetics of orally administered
warfarin (0.5mg/kg) with or without andrographolide (30mg/kg/day for 7 days) pretreatment was investi-
gated. In addition, Sprague-Dawley rat liver microsomes incubation systems were used to support the
in vivo pharmacokinetic data and investigate its potential mechanism.
Results: The method validation results showed that a sensitive and reliable LC-MS/MS method was devel-
oped for the determination of warfarin in rat plasma samples. The pharmacokinetic results indicated that
co-administration of andrographolide could increase the systemic exposure of warfarin significantly,
including area under the curve (118.92 ±18.08 vs. 60.58±9.46lg�h/mL), maximum plasma concentration
(3.32±0.41 vs. 2.35 ±0.25lg/mL) and t1/2 (22.73 ±3.28 vs. 14.27±2.67 h). Additionally, the metabolic stabil-
ity of warfarin increased from 23.5 ± 4.7 to 38.7 ± 6.1min with the pretreatment of andrographolide, and
the difference was significant (p< 0.05).
Discussion and conclusion: In conclusion, andrographolide could increase the systemic exposure of war-
farin in rats when andrographolide and warfarin were co-administered, and possibly by slowing down the
metabolism of warfarin in rat liver by inhibiting the activity of CYP3A4 or CYP2C9.
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Introduction

Warfarin is recommended most widely for the prevention of
systemic embolism, venous thromboembolism, and stroke
associated with atrial fibrillation (Friberg and Oldgren 2017; Liu
et al. 2018; Norby et al. 2017; Patel et al. 2017). The annual
prescriptions of warfarin typically occur in 0.5–1.5% of the
population (Winkelmayer et al. 2012). Although novel oral
anticoagulants (NOACs), such as apixaban, dabigatran, edoxaban
and rivaroxaban, do not require more special laboratory monitor-
ing or dose adjustment like warfarin does, warfarin has remained
in use for over 60 years and is still the most common oral
anticoagulant drug (Pirmohamed et al. 2015; Bala et al. 2017;
Nagata et al. 2017). This is mainly because warfarin can exert
anticoagulant effects for several days after the subject stops
taking it, while the NOACs do not have this merit.

In various countries and regions, especially in China, physi-
cians prefer to combine herbal medicine with warfarin to achieve
better effects and to prevent or reduce the side effects (Chua
et al. 2015; Li et al. 2016; Choi et al. 2017; Di Minno et al. 2017;
Liu et al. 2018). Certain herbs, including aloe, jalap, cascara and
rhubarb, have been found to affect the metabolism of warfarin
via cytochrome P450s (CYP) and UDP-glucuronosyltransferases
pathway (Greenblatt and von Moltke 2005; Lee and Fermo 2006;
Milic et al. 2014). Therefore, it is important to study the

interactions between herbal medicines and warfarin so as to
determine their optimal clinical applications.

Andrographolide is one of principal constituents of traditional
herbal medicine Andrographis paniculata (Burm) Nees, which is
one of the most important medicinal plants used in China,
Thailand and Ayurvedic medicine to treat gastric disorder, colds,
influenza, and other infectious diseases (Lim et al. 2012;
Aromdee 2014; Chua 2014; Gupta et al. 2017). It has been
reported that andrographolide has many bioactivities, such as
anti-inflammatory, antiplatelet aggregation, antihyperglycemic,
choleretic, anti-tumor and anti-HIV activities (Xie et al. 2016;
Yuan et al. 2016; Yang R et al. 2017; Zhao et al. 2017). In China,
preparations containing andrographolide as over-the-counter
(OTC) drugs can be easily obtained from drug stores, and are
often used in combination with antibiotics or other anti-
infectious agents (Wu et al. 2008; Tsai et al. 2013; Chen et al.
2016). As a supplement, andrographolide is also used widely
around the world. Andrographolide and warfarin are often used
together in clinics in China, however, the herb-drug interaction
between andrographolide and warfarin is still unknown.

Therefore, this study investigates the effects of andrographo-
lide on the oral pharmacokinetics of warfarin in rats and explores
the possible mechanisms of herb-drug interaction using rat liver
microsomes incubation systems.
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Materials and methods

Chemicals and reagents

Warfarin (purity >98%) and quercetin (internal standard, purity
>98%) were purchased from the National Institute for the
Control of Pharmaceutical and Biological Products (Beijing,
China). b-Nicotinamide adenine dinucleotide phosphate (NADP)
and lucifer yellow were provided by Sigma (St. Louis, MO,
USA). Rat liver microsomes were purchased from BD Gentest
(Woburn, MA, USA). Acetonitrile and methanol were purchased
from Fisher Scientific (Fair Lawn, NJ, USA). Formic acid was
purchased from Anaqua Chemicals Supply Inc. Limited
(Houston, TX, USA). Ultrapure water was prepared with a Milli-
Q water purification system (Billerica, MA, USA). All other
chemicals were of analytical grade or better.

Animal experiments

Male Sprague-Dawley (SD) rats weighing 220–250 g were
provided by the Experimental Animal Center of Weifang
Medical University (Weifang, China). The animal care, use and
experimental protocols were also approved by the animal care
committee of Weifang Medical University. Rats were kept at
standard laboratory condition (at 25 �C with 60 ± 5% humidity
and a 12 h dark-light cycle). Tap water and normal chow were
given ad libitum. All of the experimental animals were kept
under the above conditions for a three-day acclimation period
and fasted overnight before the experiments.

LC-MS/MS determination of warfarin

The determination of warfarin was performed using an Agilent
1290 series liquid chromatography system and an Agilent 6470
triple-quadruple mass spectrometer (Palo Alto, CA, USA). The
chromatographic analysis of warfarin was performed on a Waters
X-bridge C18 column (3.0� 100mm, i.d.; 3.5 lm) at room tem-
perature. The mobile phase was water (containing 0.1% formic
acid) and acetonitrile (35:65, v:v) at a flow rate of 0.3mL/min.
The mass scan mode was negative MRM mode. The precursor
ion and product ion are m/z 307.0 ! 250.1 for warfarin, and
m/z 301.0 ! 121.1 for quercetin (internal standard), respectively.
The collision energy for warfarin and quercetin were 20 and
25 ev, respectively. The MS/MS conditions were optimized as fol-
lows: fragmentor, 110V; capillary voltage, 3.5 kV; nozzle voltage,
500V; nebulizer gas pressure (N2), 30 psig; drying gas flow (N2),
10 L/min; gas temperature, 350 �C; sheath gas temperature,
400 �C; and sheath gas flow, 11 L/min.

Plasma sample preparation

Each plasma sample (100 lL) was spiked with 20 lL methanol.
The mixture was then extracted with 180lL of the internal
standard methanol solution (500 ng/mL) by vortexing for 1min.
After centrifugation at 15,000 rpm for 10min, the supernatants
were transferred into an injection vial and a 3 lL aliquot was
injected into the LC-MS/MS system for the analysis.

Preparation of standard and quality control samples

A stock solution of warfarin was prepared in acetonitrile at a
concentration of 2mg/mL. The stock solution of the quercetin
was prepared in acetonitrile at a concentration of 1mg/mL.

Calibration standard samples for warfarin were prepared in blank
rat plasma at concentrations of 10, 20, 50, 100, 200, 500, 1000,
2000 and 5000 ng/mL. The quality control (QC) samples were
prepared at low (20 ng/mL), medium (200 ng/mL), and high
(4000 ng/mL) concentrations in the same way as the plasma
samples for calibration, and QC samples were stored at �40 �C
until analysis.

Method validation

The LC-MS/MS method validation was performed in accordance
with the United States Food and Drug Administration (FDA)
guidelines (2013).

Selectivity

The selectivity of the method was investigated by comparing the
chromatograms from six different batches of blank rat plasma
with the corresponding spiked plasma to exclude interference
from endogenous substances and metabolites.

Linearity and sensitivity

The calibration curve was obtained using nine concentrations
(10, 20, 50, 100, 200, 500, 1000, 2000 and 5000 ng/mL) which
were processed and determined as described above. The calibra-
tion curves for warfarin were constructed by plotting the peak
area ratios of warfarin to quercetin against plasma concentra-
tions. The lower limit of quantification (LLOQ) was determined
as the concentration of the analyte with a signal-to-noise ratio
of 10.

Precision and accuracy

The intra-day precision and accuracy of the method were
assessed by determining the concentrations of QC samples five
times on a single day, and the inter-day precision and accuracy
were estimated by determining the concentrations of QC samples
over three consecutive days. The relative standard deviation
(RSD) and relative error (RE) were used to express the precision
and accuracy, respectively.

Extraction recovery and matrix effects

The extraction recovery was evaluated by comparing the peak
areas obtained from extracted spiked samples with those of the
post-extraction spiked samples. The matrix effects were evaluated
by comparing the peak areas of the post-extraction spiked QC
samples with those of corresponding standard solutions. These
procedures were repeated for five replicates at three QC concen-
tration levels.

Stability

The short-term stability was evaluated by determining QC
samples at room temperature for 12 h. The auto-sampler stability
was detected in auto-sampler after preparation for 12 h. The
freeze-thaw stability was determined through three freeze-thaw
cycles on consecutive days. The long-term stability was assessed
by storing the QC samples at �40 �C for 30 days.
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In vivo pharmacokinetic study

To evaluate the effects of andrographolide on the pharmacokinet-
ics of warfarin, the rats were divided into two groups of six ani-
mals each. The test group was pretreated with andrographolide
by oral gavage at a dose of 30mg/kg/day for 7 days before the
administration of warfarin. Then warfarin was orally adminis-
tered to the rats by oral gavage at a dose of 0.5mg/kg. Blood
samples (250 lL) were collected into heparinized tubes via the
oculi chorioideae vein at 0.083, 0.167, 0.33, 0.5, 1, 2, 4, 6, 8, 10,
12, 24 and 36 h after the oral administration of warfarin.
The blood samples were centrifuged at 3500 rpm for 5min.
The obtained plasma samples obtained were stored at �40 �C
until analysis.

Effects of andrographolide on the metabolic stability of
warfarin in rat liver microsomes

The effects of andrographolide on the metabolic stability of war-
farin were investigated using rat liver microsomes incubation sys-
tems. The assay conditions and reaction mixtures were similar to
those reported previously (Jia et al. 2018; Wang et al. 2017). In
brief, except for the NADPH-generating system, 30 lL of rat liver
microsome (20mg/mL), 12 lL of warfarin solution (100 lM, final
concentration of 1 lM) and 1098lL of PBS buffer (0.1M, pH
7.4) were added to the centrifuge tubes on ice. The reaction mix-
ture was incubated at 37 �C for 5min and then the NADPH-gen-
erating system (45 lL) was added. The effects of andrographolide
on the metabolic stability of warfarin were investigated by adding
12 lL of andrographolide (1.5mM, final concentration of 15 lM)
to rat liver microsomes and preincubating them for 30min at
37 �C, followed by the addition of warfarin. Aliquots of 100lL
were collected from the reaction volumes at 0, 1, 3, 5, 15, 30,
and 60min after the addition of warfarin, and 200 lL of ice-cold
acetonitrile containing the IS was added to terminate the
reaction. The subsequent sample preparation method was the

same as the plasma sample preparation method, and the
concentration of warfarin was determined by LC-MS/MS.

The in vitro half-life (t1/2) was obtained using the equation:
t1/2 ¼ 0.693/k.

Data analysis

The pharmacokinetic parameters, including the area under the
plasma concentration-time curve (AUC), maximal plasma
concentration (Cmax), time of the maximal plasma concentration
(Tmax), and the mean residence time (MRT), were calculated
using the DAS 3.0 pharmacokinetic software (Chinese
Pharmacological Association, Anhui, China).

The differences between the mean values were analyzed for
significance using a one-way analysis of variance (ANOVA).
Values of p< 0.05 indicated statistical significance.

Results and discussion

Method validation

To develop a sensitive and accurate LC-MS/MS method for the
determination of warfarin in rat plasma, quantitative analysis
was performed using MRM mode owing to its high selectivity
and sensitivity. The precursor and product ions were m/z
307.0 ! 250.1 for warfarin, and 301.0! 121.1 for quercetin. The
mass ion spectra of warfarin and quercetin are shown in Figure
1. The MS/MS conditions were optimized to achieve better sensi-
tivity and selectivity. To obtain the appropriate retention time
and response, methanol, acetonitrile, water and formic acid were
tested as mobile phases. After optimization, 0.1% formic acid was
found to enhance the efficiency of ionization and obtain a better
intensity than pure water for all compounds tested. Blank
plasma, plasma spiked with warfarin and quercetin are shown in
Figure 2. No significant interference was observed at the reten-
tion time of warfarin and quercetin in plasma samples.

Figure 1. Mass spectra of warfarin (A) and quercetin (B).
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The calibration curve for warfarin was constructed by plotting
peak area ratios of the analyte to quercetin against plasma
concentrations using a linear least-squares regression model.
Linearity for determining warfarin in spiked rat plasma was pre-
pared by nine calibration standards in five independent runs.
The calibration curves were obtained with correlation coefficients
(r) more than 0.999 between 10 and 5000 ng/mL of warfarin. The
LLOQ was set at 10 ng/mL for warfarin in rat plasma samples.

The intra- and inter-day precision of the method was assessed
at three concentration levels of spiked analyte in triplicate, and
verified by determining the ratios of the peak areas of these
compounds to the internal standard with relative standard devi-
ation (RSD) as listed in Table 1. The precision of this method
was not more than 10% relative standard deviations (RSD) for
warfarin, indicating satisfactory precision and accuracy of the
instrumentation.

To achieve high recovery efficiency in sample preparation, the
direct precipitation method was used for its convenience and low
matrix effects. Then, the extraction recovery of the precipitation
solvents (methanol and acetonitrile) was investigated. The extrac-
tion efficiency of warfarin exceeded 90% by using acetonitrile as
extraction solution, suggesting that it was an ideal precipitation
agent. The matrix effects of warfarin were between 88.60% and
92.31%. These results indicate that the method was reliable and
no obvious matrix effects were present.

As shown in Table 2, analyte stability was assessed under vari-
ous conditions, and the results indicated that warfarin under
these conditions were all stable in plasma samples (RE <10%).

Effects of andrographolide on the pharmacokinetics
of warfarin

The pharmacokinetic parameters of warfarin were calculated
using the noncompartmental method with the DAS 3.0 pharma-
cokinetic software (Chinese Pharmacological Association, Anhui,
China). The pharmacokinetic parameters are shown in Table 3.

As shown in Figure 3, when the rats were pretreated with
andrographolide, the Cmax of warfarin increased from 2.35 ± 0.25
to 3.32 ± 0.41 lg/mL, and the difference was significant
(p< 0.05). The AUC(0-inf) warfarin was also significantly higher
than that of the control (p< 0.05). The t1/2 of warfarin in rats
pretreated with andrographolide was prolonged compared with
the control (14.27 ± 2.67 vs. 22.73 ± 3.28 h), and the difference
was also significant (p< 0.05).

These results indicated that andrographolide could increase
the systemic exposure of warfarin in rats when andrographolide
and warfarin were co-administered. Therefore, we think that the
food-drug interaction between andrographolide and warfarin
should be cautioned when they are co-administered. However,
due to the pharmacokinetic differences between humans and
rats, further in vivo system studies are needed to identify the
interactions in humans.

Some other research has also found that when andrographo-
lide was co-administered with other drugs such as naproxen,
nabumetone and glyburide, their bioavailability would be
increased (Balap et al. 2016, 2017; Samala and Veeresham 2016).
Hovhannisyan et al (Hovhannisyan et al. 2006) have also
investigated the effects of Kan Jang extract (a standardized fixed
combination of extracts from Andrographis paniculata and
Eleutherococcus senticosus) on the pharmacokinetics of warfarin
in rats, and the results indicated that Kan Jang extract could
increase the Cmax of warfarin in rats, and however, the difference
was not significant (p> 0.05). We infer that the concentration of
andrographolide might be lower than that used in our study.

As andrographolide has been reported to inhibit the activity
of CYP3A4 and CYP2C9 (Pekthong et al. 2008; Pan et al. 2011),
warfarin was mainly metabolized by CYP3A4 and CYP2C9 in
liver (Rougee et al. 2017; Zakharyants et al. 2017), and therefore,
we speculated that andrographolide might increase the plasma
concentration of warfarin by inhibiting CYP3A4 or CYP2C9-
mediated metabolism.

Effects of andrographolide on the metabolic stability of
warfarin in rat liver microsomes

The effect of andrographolide on the metabolic stability of war-
farin were investigated using rat liver microsomes. The metabolic

Figure 2. A: Representative chromatograms of blank plasma; B: Blank plasma
spiked with warfarin and quercetin. (1) warfarin, (2) quercetin.

Table 1. The intra-day and inter-day precision and accuracy of warfarin in plasma samples.

Spiked concentration
(ng/ml)

Intra-day Inter-day

Concentration
measured (ng/ml)

Precision
(%, RSD)

Accuracy
(%, RE)

Concentration
measured (ng/ml)

Precision
(%, RSD)

Accuracy
(%, RE)

20 18.68 7.36 �6.60 21.06 6.25 5.30
200 218.54 6.82 9.27 190.15 8.31 �4.93
4000 4220.89 5.94 5.52 3751.29 7.26 �6.22

Table 2. Stability of warfarin in plasma samples (n¼ 3).

Analyte
Plasma samples

(ng/mL)

Stability (%, RE)

Short-term (12 h at room temperature) Auto-sampler (12 h) 3 freeze-thaw cycles at �20 �C Long-term (30 days at �20 �C)
Warfarin 20 6.52 7.06 5.10 8.25

200 5.98 �6.85 7.32 �6.37
4000 �7.05 8.10 �5.50 9.31

354 X. ZHANG ET AL.



half-life of warfarin was 23.5 ± 4.7min, while the metabolic half-
life was prolonged (38.7 ± 6.1min) in the presence of androgra-
pholide, and the difference was significant (p< 0.05). These
results indicated that andrographolide could slow down the
metabolism of warfarin in rat liver microsomes. As also shown
Table 3, the t1/2 of warfarin in rats pretreated with andrographo-
lide was prolonged compared with the control. These results
suggested that andrographolide might decrease the metabolic
clearance by inhibiting the activity of CYP3A4 and CYP2C9.

In summary, andrographolide could increase the systemic
exposure of warfarin in rats when andrographolide and warfarin
were co-administered. We infer that andrographolide might exert
these effects mainly through slowing down the metabolism of
warfarin in rat liver by inhibiting the activity of CYP3A4 and
CYP2C9. Therefore, we think that the herb-drug interaction
between andrographolide and warfarin might occur when they
are co-administered.

Conclusions

In conclusion, a sensitive and reliable LC-MS/MS method was
developed and applied to determine the concentration of war-
farin in rat plasma. The pharmacokinetic study indicated that
andrographolide could significantly affect the pharmacokinetics
of warfarin, and in vitro, rat liver microsomes metabolism experi-
ments indicated that andrographolide might work by slowing
down the metabolism of warfarin in rat liver. Therefore, the
herb-drug interaction between andrographolide and warfarin
should be cautioned when they are co-administered, and dose
adjustment should also be considered.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

Aromdee C. 2014. Andrographolide: progression in its modifications and
applications – a patent review (2012–2014). Expert Opin Ther Pat.
24:1129–1138.

Bala MM, Celinska-Lowenhoff M, Szot W, Padjas A, Kaczmarczyk M, Swierz
MJ, Undas A. 2017. Antiplatelet and anticoagulant agents for secondary
prevention of stroke and other thromboembolic events in people with
antiphospholipid syndrome. Cochrane Database Syst Rev. 10:CD012169.

Balap A, Atre B, Lohidasan S, Sinnathambi A, Mahadik K. 2016.
Pharmacokinetic and pharmacodynamic herb-drug interaction of
Andrographis paniculata (Nees) extract and andrographolide with etoricoxib
after oral administration in rats. J Ethnopharmacol. 183:9–17.

Balap A, Lohidasan S, Sinnathambi A, Mahadik K. 2017. Herb-drug
interaction of Andrographis paniculata (Nees) extract and andrographolide
on pharmacokinetic and pharmacodynamic of naproxen in rats.
J Ethnopharmacol. 195:214–221.

Chen W, Su H, Feng L, Zheng X. 2016. Andrographolide suppresses preadi-
pocytes proliferation through glutathione antioxidant systems abrogation.
Life Sci. 156:21–29.

Choi S, Oh DS, Jerng UM. 2017. A systematic review of the pharmacokinetic
and pharmacodynamic interactions of herbal medicine with warfarin.
PLoS One. 12:e0182794.

Chua LS. 2014. Review on liver inflammation and antiinflammatory activity
of Andrographis paniculata for hepatoprotection. Phytother Res Ptr.
28:1589–1598.

Chua YT, Ang XL, Zhong XM, Khoo KS. 2015. Interaction between warfarin
and Chinese herbal medicines. Singapore Med J. 56:11–18.

Di Minno A, Frigerio B, Spadarella G, Ravani A, Sansaro D, Amato M,
Kitzmiller JP, Pepi M, Tremoli E, Baldassarre D. 2017. Old and new oral
anticoagulants: food, herbal medicines and drug interactions. Blood Rev.
31:193–203.

FDA. 2013. Guidance for industry, bioanalytical method validation.
Friberg L, Oldgren J. 2017. Efficacy and safety of non-vitamin K antagonist

oral anticoagulants compared with warfarin in patients with atrial fibrilla-
tion. Open Heart. 4:e000682.

Greenblatt DJ, von Moltke LL. 2005. Interaction of warfarin with drugs,
natural substances, and foods. J Clinic Pharmacol. 45:127–132.

Gupta S, Mishra KP, Ganju L. 2017. Broad-spectrum antiviral properties of
andrographolide. Archives Virol. 162:611–623.

Hovhannisyan AS, Abrahamyan H, Gabrielyan ES, Panossian AG. 2006.
The effect of Kan Jang extract on the pharmacokinetics and pharmaco-
dynamics of warfarin in rats. Phytomed Int J Phytother Phytopharmacol.
13:318–323.

Jia Y, Liu J, Xu J. 2018. Influence of grapefruit juice on pharmacokinetics of
triptolide in rats grapefruit juice on the effects of triptolide. Xenobiotica.
48:407–411.

Lee NJ, Fermo JD. 2006. Warfarin and royal jelly interaction.
Pharmacotherapy. 26:583–586.

Li H, Zhang C, Fan R, Sun H, Xie H, Luo J, Wang Y, Lv H, Tang T. 2016.
The effects of Chuanxiong on the pharmacokinetics of warfarin in rats
after biliary drainage. J Ethnopharmacol. 193:117–124.

Lim JC, Chan TK, Ng DS, Sagineedu SR, Stanslas J, Wong WS. 2012.
Andrographolide and its analogues: versatile bioactive molecules for
combating inflammation and cancer. Clinic Experimental Pharmacol Amp;
Physiol. 39:300–310.

Liu S, Li X, Shi Q, Hamilton M, Friend K, Zhao Y, Horblyuk R, Hede S,
Shi L. 2018. Outcomes associated with warfarin time in therapeutic range
among US veterans with nonvalvular atrial fibrillation. Curr Med Res
Opin. 34:415–421.

Liu Y, Liu S, Shi Y, Qin M, Sun Z, Liu G. 2018. Effects of safflower injection
on the pharmacodynamics and pharmacokinetics of warfarin in rats.
Xenobiotica. 48:818–823.

Milic N, Milosevic N, Golocorbin Kon S, Bozic T, Abenavoli L, Borrelli F.
2014. Warfarin interactions with medicinal herbs. Nat Prod Commun.
9:1211–1216.

Nagata N, Yasunaga H, Matsui H, Fushimi K, Watanabe K, Akiyama J,
Uemura N, Niikura R. 2017. Therapeutic endoscopy-related GI bleeding
and thromboembolic events in patients using warfarin or direct oral anti-
coagulants: results from a large nationwide database analysis. Gut.

Norby FL, Bengtson LGS, Lutsey PL, Chen LY, MacLehose RF, Chamberlain
AM, Rapson I, Alonso A. 2017. Comparative effectiveness of rivaroxaban
versus warfarin or dabigatran for the treatment of patients with non-
valvular atrial fibrillation. BMC Cardiovas Disorders. 17:238.

Pan Y, Abd-Rashid BA, Ismail Z, Ismail R, Mak JW, Pook PC, Er HM, Ong
CE. 2011. In vitro determination of the effect of Andrographis paniculata

Table 3. Pharmacokinetic parameter of warfarin in rats after oral administration
of warfarin (0.5mg/kg; n¼ 6, Mean ± S.D.) with or without treatment of androg-
rapholide (30mg/kg/day for 7 days).

Parameter Warfarin WarfarinþAndrographolide

Tmax (h) 2.02 ± 0.11 1.92 ± 0.15
Cmax (lg/mL) 2.35 ± 0.25 3.32 ± 0.41�
t1/2 (h) 14.27 ± 2.67 22.73 ± 3.28�
AUC(0-inf) (lg� h/mL) 60.58 ± 9.46 118.92 ± 18.08�
MRT (h) 13.49 ± 1.12 15.02 ± 1.28
�p< 0.05 indicate significant differences from the control.

Figure 3. The pharmacokinetic profiles of warfarin in rats (six rats in each
group) after the oral administration of 0.5mg/kg warfarin with or without
andrographolide pretreatment (30mg/kg/day for 7 days). Each point represents
the average ± S.D. of six determinations.

PHARMACEUTICAL BIOLOGY 355



extracts and andrographolide on human hepatic cytochrome P450
activities. J Nat Med. 65:440–447.

Patel P, Pandya J, Goldberg M. 2017. NOACs vs. Warfarin for stroke preven-
tion in nonvalvular atrial fibrillation. Cureus. 9:e1395.

Pekthong D, Martin H, Abadie C, Bonet A, Heyd B, Mantion G, Richert L.
2008. Differential inhibition of rat and human hepatic cytochrome
P450 by Andrographis paniculata extract and andrographolide. J
Ethnopharmacol. 115:432–440.

Pirmohamed M, Kamali F, Daly AK, Wadelius M. 2015. Oral anticoagulation:
a critique of recent advances and controversies. Trends Pharmacol Sci.
36:153–163.

Rougee LRA, Mohutsky MA, Bedwell DW, Ruterbories KJ, Hall SD. 2017.
The impact of the hepatocyte-to-plasma ph gradient on the prediction of
hepatic clearance and drug-drug interactions for CYP2C9 and CYP3A4
substrates. Drug Metab Dispos Biol Fate Chem. 45:1008–1018.

Samala S, Veeresham C. 2016. Pharmacokinetic and pharmacodynamic inter-
action of boswellic acids and andrographolide with glyburide in diabetic
rats: including its PK/PD modeling. Phytother Res Ptr. 30:496–502.

Tsai HH, Lin HW, Chien CR, Li TC. 2013. Concurrent use of antiplatelets,
anticoagulants, or digoxin with Chinese medications: a population-based
cohort study. European J Clin Pharmacol. 69:629–639.

Wang X, Zhang X, Liu F, Wang M, Qin S. 2017. The effects of triptolide on
the pharmacokinetics of sorafenib in rats and its potential mechanism.
Pharm Biol. 55:1863–1867.

Winkelmayer WC, Liu J, Patrick AR, Setoguchi S, Choudhry NK. 2012.
Prevalence of atrial fibrillation and warfarin use in older patients receiving
hemodialysis. J Nephrol. 25:341–353.

Wu CM, Cao JL, Zheng MH, Ou Y, Zhang L, Zhu XQ, Song JX. 2008. Effect
and mechanism of andrographolide on the recovery of Pseudomonas
aeruginosa susceptibility to several antibiotics. J Int Med Res. 36:178–186.

Xie Y, Ma Y, Xu J, Dan J, Yue P, Wu Z, Yang M, Zheng Q. 2016. Roles of
cryo/thermal strength for redispersibility of drug nanocrystals: a represen-
tative study with andrographolide. Archives Pharm Res. 39:1404–1417.

Yang R, Liu S, Zhou J, Bu S, Zhang J. 2017. Andrographolide attenuates
microglia-mediated Ab neurotoxicity partially through inhibiting NF-jB
and JNK MAPK signaling pathway. Immunopharmacol Immunotoxicol.
39:276–284.

Yuan H, Sun B, Gao F, Lan M. 2016. Synergistic anticancer effects of
andrographolide and paclitaxel against A549 NSCLC cells. Pharm Biol.
54:2629–2635.

Zakharyants AA, Burmistrova OA, Poloznikov AA. 2017. The use of
human liver cell model and cytochrome p450 substrate-inhibitor panel for
studies of dasatinib and warfarin interactions. Bullet Exp Biol Med.
162:515–519.

Zhao Y, Huang P, Chen Z, Zheng SW, Yu JY, Shi C. 2017. Clinical
application analysis of andrographolide total ester sulfonate injection, a
traditional Chinese medicine licensed in China. J Huazhong Univ Sci
Technol Med Sci. 37:293–299.

356 X. ZHANG ET AL.


	Abstract
	Introduction
	Materials and methods
	Chemicals and reagents
	Animal experiments
	LC-MS/MS determination of warfarin
	Plasma sample preparation
	Preparation of standard and quality control samples
	Method validation
	Selectivity
	Linearity and sensitivity
	Precision and accuracy
	Extraction recovery and matrix effects
	Stability
	In vivo pharmacokinetic study
	Effects of andrographolide on the metabolic stability of warfarin in rat liver microsomes
	Data analysis

	Results and discussion
	Method validation
	Effects of andrographolide on the pharmacokinetics of warfarin
	Effects of andrographolide on the metabolic stability of warfarin in rat liver microsomes

	Conclusions
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/AllowPSXObjects true
	/LockDistillerParams true
	/ImageMemory 1048576
	/DownsampleMonoImages true
	/ColorSettingsFile (None)
	/PassThroughJPEGImages false
	/AutoRotatePages /All
	/Optimize true
	/ParseDSCComments true
	/MonoImageDepth -1
	/AntiAliasGrayImages false
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/GrayImageMinResolutionPolicy /OK
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/PreserveOPIComments false
	/AutoPositionEPSFiles true
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/EmbedJobOptions true
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EmitDSCWarnings false
	/ColorImageDownsampleType /Bicubic
	/EncodeGrayImages true
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/PDFXTrapped /False
	/DetectCurves 0.1
	/ColorImageDepth -1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/TransferFunctionInfo /Preserve
	/ColorImageFilter /DCTEncode
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/DSCReportingLevel 0
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/UsePrologue false
	/PreserveCopyPage true
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


